Abstract-We use variation from the minimum legal drinking age to estimate the causal effect of access to alcohol on crime. Using a census of arrests in California and a regression discontinuity design, we find that individuals just over age 21 are 5.9% more likely to be arrested than individuals just under 21. This increase is mostly due to assaults, alcoholrelated offenses, and nuisance crimes. These results suggest that policies that restrict access to alcohol have the potential to substantially reduce crime.
I. Introduction
T HE minimum legal drinking age (MLDA), which sets the minimum age at which young adults can legally purchase and consume alcohol, is the primary policy in the United States intended to reduce the extensive harms that stem from the alcohol consumption of young adults. These harms have been estimated to cost over $50 billion annually (Bonnie & O'Connell, 2004) . We estimate the effect of the MLDA on crime using a regression discontinuity design (RDD) that compares arrest rates for individuals who just turned 21 (the MLDA in the United States) with those for individuals who are about to turn 21 (Thistlewaite & Campbell, 1960) . 1 Since the observed and unobserved determinants of crime other than the availability of alcohol are very likely to trend smoothly across this threshold, any discontinuous increase in arrest rates at age 21 can be attributed to the increased availability of alcohol. Prior work using this research design documents that both alcohol consumption and mortality increase significantly at age 21 in the United States (Carpenter & Dobkin, 2009 .
This study is important for several reasons. First, prior quasiexperimental research has not reached a consensus on the causal effects of reducing access to alcohol on crime (Carpenter, 2007; Conlin, Dickert-Conlin, & Pepper, 2005; Joksch & Jones 1993) . Second, our estimates can help inform the policy debate regarding the MLDA in states such as Florida, Wisconsin, Vermont, and Missouri that have all considered proposals to reduce their drinking age in recent years (Johnson, 2007) . Third, our very large sample makes it feasible to examine all the major types of crime; most prior work has focused on only a few categories of crime (e.g., violent, property, or drug crime).
Estimating the effect of access to alcohol for a broad set of types of crime makes it possible to determine how much the effect varies by type of crime and whether increases in one type of crime are offset by decreases in other types of crime.
We find compelling evidence that access to alcohol has important effects on criminal activity. Specifically, we estimate that increased access to alcohol at the MLDA results in a statistically significant 5.9% increase in arrests at age 21. When we disaggregate by type of crime, we find a substantial increase in arrests for assault, robbery, reckless driving, driving under the influence, drunkenness, and nuisance crimes. The age profiles suggest that these discrete increases in arrest rates at age 21 persist for at least a year. We find statistically significant but much smaller increases in arrest rates for property crime and drug possession or sale at the MLDA. This suggests that the alcohol access on the margin we observe plays less of a role as a causal factor for these types of crime. Taken together, our results provide the most comprehensive evidence to date that restricting access to alcohol can significantly reduce crime, including violent crime.
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II. Data Description and Main Results
Our crime data come from California's Monthly Arrest and Citation Register (MACR) for the period 1979 to 2006. The MACR is a near-census of arrests in California and includes information on the arrestee's date of birth and date of arrest, which we use to compute exact age in days.
3 These records also include information on the arrestee's race, sex, and the type of crime for which the individual was arrested. 4 We focus on young adults ages 19 to 22, inclusive. Figure 1 presents the age profile of arrests rates in California for 1979 to 2006 by major crime type: alcohol-related offenses, illegal drug possession or sale, violent crime, property crime, and all other offenses. 5 We computed arrest rates per 10,000 person-years by dividing the total number of arrests at a particular age by an estimate of the total number of years lived at that age by everyone in the cohort (derived from the Census). We then plotted the average arrest rate in fourteen-day bins. On top of each age profile of arrest rates, we have superimposed a fitted line estimated on the underlying dayspecific arrest rates using a quadratic polynomial in age on each side of the age 21 threshold. Figure 1 provides compelling evidence of substantial discontinuous increases in arrest rates for violent crimes, alcohol-related offenses, and other crimes. In contrast, there is evidence of at most a modest increase in arrest rates for property crime and for the possession or sale of illegal drugs. 1 Like previous research, we focus on arrests because crimes are not reported by exact age of offender.
2 For a review of the large literature on alcohol access and crime, see Carpenter and Dobkin (2012) . For examples of other studies using the MLDA in an RD framework to identify causal effects of alcohol access, see Carpenter and Dobkin (2009 ), Crost and Guerrero (2012 , and Carrell, Hoekstra, and West (2011) .
3 Arrests where the record has been sealed by the court are not included in the data set we were provided by the California Department of Justice. Also, arrest records for some crime types were not provided for 1996. 4 There is only one crime type recorded per arrest. In cases where an arrest is for multiple infractions, only the most severe crime (as measured by potential punishment severity) is reported on the arrest record.
5 Appendix A describes the coding of offenses by category. We present regression estimates of the discontinuous increase in crime at age 21 in table 1. The dependent variable in the regressions is the arrest rate at a particular age in days, and we estimate the model for ages 19 to 22 inclusive for a total of 1,460 (4Â365) observations. The regressions include an indicator variable that takes a value of 1 for observations over age 21 fully interacted with a quadratic polynomial in age, as well as dummies for the 19th, 20th, 21st, and 22nd birthdays and the day immediately following each of those four birthdays to account for the pronounced birthday effects in arrests (see online appendix B). Each column represents a different outcome, and each entry in the table is the RD estimate of the increase in arrest rates at age 21 for a particular crime type.
For total arrests in the first column of table 1, we find an increase of 90.3 arrests per 10,000 person years at age 21, and this estimate is statistically significant. 6 Relative to the arrest rate for young adults just below age 21 in California over our sample period, this is a 5.9% increase (90.3/1,543.1). The second column of table 1 reveals a significant increase of 10.9 arrests per 10,000 person-years at age 21 for violent crime, and this accounts for 12% of the overall increase in arrest rates at age 21 (10.9/90.3). Notably, the increases in arrests for property crime and for drug possession or sale are substantially smaller. Table 1 also reveals a substantial increase in alcohol-related arrests and arrests that fall into the residual category.
In figures 2 to 4, we present results for specific crimes within the three broad crime categories that had the largest discontinuities at age The first line contains the estimate of the discrete increase at age 21 in arrest rates for each crime type. The regressions include a quadratic polynomial in age fully interacted with an indicator variable for age over 21 and indicator variables for 19th, 20th, 21st, and 22nd birthdays and the days immediately after. The regressions are estimated based on arrests of people 19 to 22 years old. Each observation is the arrest rate per 10,000 person-years Â days from a person's 21st birthday. Standard errors are in parentheses. The codes that make up each crime category are in online appendix A. Age at Time of Arrest 6 Appendixes C to F show that the main findings described here are robust to alternative bandwidth choices.
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21: alcohol-related offenses, violent crimes, and other crimes. Together, these three crime categories account for 90% of the total increase in arrests at age 21. The regression estimates corresponding to the age profiles in these three figures are presented in table 2. We present the age profile of arrest rates for alcohol-related offenses in figure 2. The figure reveals large increases in arrests for driving under the influence and drunkenness. Notably, arrests for liquor law violations fall substantially at the age 21 threshold because possessing alcohol is no longer illegal once a person turns 21. 8 We find very little evidence of a discontinuous increase at age 21 for disorderly conduct or vagrancy arrests. The associated regression evidence in the top panel of table 2 for alcohol-related offenses confirms statistically significant increases in arrests for driving under the influence (50.6 arrests, or a 26% effect) and drunkenness (30.7 arrests, or a 29.4% effect) and a statistically significant decrease in arrests for liquor law violations (64.9 arrests, or an 80% effect).
In figure 3 we present the age profile of arrests for violent crimes. The figure reveals increases in the arrest rates for aggravated assault, other assault, and robbery. 9 In contrast murder, manslaughter, and rape have age profiles that do not exhibit clear visual evidence of increases. The corresponding regression estimates are presented in the middle panel of table 2 and confirm that the increase in arrests for robbery (1.8 arrests, or a 7.1% effect), aggravated assault (3.9 arrests, or a 5.9% effect), and other assault (4.8 arrests, or an 8.8% effect) are all statistically significant. Though the estimates for murder, manslaughter, and rape are positive, they are statistically insignificant and imprecise.
Finally, in figure 4 we present the age profiles for components of the residual ''other crimes'' category that are driving the bulk of the overall increase in this category: hit and run, weapons carrying or possession, traffic violations, and county ordinance violations. The age profiles of arrest rates for these crimes reveal that they all increase substantially at age 21. 10 The associated regression evidence for arrests for these crimes, presented in the bottom panel of table 2, confirms that the increase in arrests at age 21 for traffic violations (4.8 arrests, or a 3.9% effect), county ordinance violations (24.9 arrests, or a 47.4% effect), weapons violations (2.8 arrests, or a 9.6% effect), and reckless driving or hit and run (2.6 arrests, or a 9.8% effect) are large both in levels and as a percent of the under-21 arrest rate and are statistically significant.
III. Discussion and Conclusion
We used the discontinuous change in access to alcohol associated with turning 21 (the MLDA in the United States) to identify the causal effect of easier access to alcohol on crime. We found significant increases in arrest rates for many types of crime, including drunkenness, driving under the influence, reckless driving, weapons offenses, assault, and robbery.
A number of issues need to be considered when interpreting the estimates. The primary one is that although our approach recovers a causal estimate of the reduced-form effect of the MLDA on arrests, we cannot provide direct evidence on the underlying mechanisms or clean estimates of the persistence of the effects. Though previous research has used RDD methods and various survey data sets to show that alcohol consumption increases sharply at the MLDA (Carpenter & Dobkin, 2009; SAMHSA/OAS, 2009; Crost & Guerrero, 2012) and this is The first line in each panel contains the estimate of the discrete increase at age 21 in arrest rates for each crime type. The regressions include a quadratic polynomial in age fully interacted with an indicator variable for age over 21 and indicator variables for 19th, 20th, 21st, and 22nd birthdays and the days immediately after. The regressions are estimated based on arrests of people 19 to 22 years old. Each observation is the arrest rate per 10,000 person years Â days from a person's 21st birthday. Standard errors are in parentheses below the point estimates. The codes that make up each crime category are in online appendix A.
7 Disaggregated age profiles for the specific crime types in the property and illegal drug possession or sale categories are presented in appendixes G and H, respectively. RD estimates for the specific types of property and drug crime are presented in appendix I.
8 Liquor law violations refer to ordinances prohibiting the manufacture, sale, transport, furnishing, and possession of intoxicating liquor. The possession of alcohol by minors is included here. 9 The definition of aggravated assault varies by jurisdiction but is usually differentiated from simple or ''other'' assault by characteristics such as the offender's intent, the extent of injury to the victim, and whether a deadly weapon was used.
10 County ordinance violations include arrests for violations of city, county, and municipal laws. These generally include arrests for activities that are not well defined as violations of the penal code or business and professions code but localities decide are illegal. Although we do not observe more detailed information about the exact nature of the violations, these crimes generally include violations such as social host liability violations, public urination, and possession of alcohol at beaches and public parks.
likely the primary cause of the increase, other factors might also contribute to the increase in arrest rates we document in this paper.
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One alternative explanation is that since we are examining arrest rates and not crime rates, it is possible that some of the increase in arrests we document is due to an increase in the probability of arrest conditional on committing a crime (i.e., alcohol causes sloppier criminals). However, the fact that we find strong effects for some types of crimes but not others suggests this is a minor problem, as it is difficult to imagine that alcohol would make people more careless when committing an assault but not more careless when committing larceny. A second possibility is that people over the drinking age may be more likely to drink in public places such as bars, where crimes may be more likely to result in an arrest (i.e., we may observe changes in arrest behavior that simply reflect changes in venue). However, even for assault, the crime where this is most likely to be a factor, the majority of the increase is in assaults occurring at people's residences.
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Another issue that could limit the generalizability of the estimated effects of the MLDA on crime is that it is possible that the MLDA causes people to delay their drinking. If there is substantial delay, it will be hard to use these estimates to predict the effect on crime of a reduction in the drinking age. One way to assess this problem is to note that if there were substantial delay, we would expect to see a pronounced increase at age 21 in alcohol-related crime (our most direct proxy for drinking behavior) that drops off rapidly. A close examination of the age profiles suggests that this is not the case.
13 A final concern is that learning may substantially change the relationship between alcohol consumption and criminal behavior. This is unlikely to be a serious problem since previous work shows that very few people have their first experience with alcohol at 21 (Carpenter & Dobkin, 2009; Substance Abuse and Mental Health Services Administration, 2009 ) and the age profiles suggest that the effect of turning 21 on arrest rates is persistent.
Overall, our results offer the most comprehensive evidence to date that easier access to alcohol substantially increases the commission of crime, including violent crime. Given that underage drinking rates in the United States remain very high, and that the age profiles of crime and arrests peak around the ages we study, our results suggest that substantially reducing the availability of alcohol to young adults has the potential to reduce crime. Finally, our research suggests that adoption of recent state proposals to reduce the MLDA would likely result in substantial increases in crime rates. 11 We also present evidence in appendixes L to P from 2001-2005 California Health Interview Survey data that past-month drinking participation and binge drinking increase discontinuously at age 21. To the extent that increased alcohol consumption at the MLDA is responsible for the effects we observe, our finding that assaults increase sharply at the drinking age provides evidence consistent with research by Dahl and Della Vigna (2010) , who find that increases in audiences for violent movies result in fewer same-day assaults. They suggest that reduced alcohol consumption is one of the mechanisms.
12 This is documented in appendix J, which also reveals a substantial increase in arrests in bars and nightclubs. This increase is probably due to a combination of more time spent in these venues after turning 21 and a direct effect of these venues on arrest probabilities. 13 In appendix K, we explicitly project out the under-21 trend in arrest rates for assault; the gap between the projected arrest rates and the actual arrest rates suggests that the effects persist out at least a year and perhaps as much as two years.
